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cating that uninstallation of a first application has been
initiated by a user on the electronic device, obtaining con-
textual information of the application, the contextual infor-
mation including data indicating when the application was
installed and frequency of use of the application, obtaining
utilization data, the utilization data including data indicating
applications that have been installed on the electronic
device, determining a plurality of applications that are
similar to the first application; generating a first predictive
model using the contextual information and the utilization
data, the first predictive model being configured to predict a
likelihood of uninstallation of an application; and automati-
cally recommending, at the time of uninstallation of the
application, one or more of the plurality of applications, the
recommending being based at least i part on the first
predictive model.
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SYSTEMS AND METHODS FOR
GENERATING AND COMMUNICATING
APPLICATION RECOMMENDATIONS AT
UNINSTALL TIME

This application 1s a continuation of U.S. application Ser.
No. 15/604,547, filed May 24, 2017, the entire content of
which 1s hereby incorporated by reference.

BACKGROUND

Many electronic devices include operating systems that
can execute applications. As the popularity of applications
increases, more and more developers are attracted to create
applications for various platforms. Some platforms now
have applications numbering 1n the millions.

BRIEF SUMMARY

According to an embodiment of the disclosed subject
matter, a computer-implemented method for generating and
communicating an application recommendation includes
receiving a signal from an electronic device indicating that
an uninstallation of a first application has been initiated by
a user on the electronic device, obtaining contextual infor-
mation of the first application, the contextual information
including data that indicates a period of time during which
the first application was 1nstalled and a frequency of use of
the first application, obtaining utilization data, the utilization
data including data that indicates other applications that
have been installed on the electronic device, determining a
plurality of applications that are similar to the first applica-
tion, generating a first predictive model using at least the
contextual information and the utilization data, the first
predictive model being configured to predict a likelithood of
uninstallation of a second application 1 the plurality of
applications, and automatically recommending, at the time
of the uninstallation of the first application, one or more of
the plurality of applications, the recommending being based
at least 1n part on the first predictive model.

According to another embodiment of the disclosed subject
matter, a computer-implemented method for generating and
communicating an application recommendation includes
receiving a signal from an electronic device indicating that
an uninstallation of a first application has been initiated by
a user on the electronic device, obtaining contextual infor-
mation of the first application, the contextual information
including data that indicates when the first application was
installed and frequency of use of the first application,
obtaining utilization data, the utilization data including data
that indicates applications that have been installed on the
clectronic device, determining a plurality of applications
that are similar to the first application, determining a score
for the first application, the score being based on the
utilization data and indicating a level of the user’s satisfac-
tion with the first application, updating a range of values in
a user profile based on the score and the contextual infor-
mation, the range of values indicating a range of contextual
information values that the user tolerated 1n the first appli-
cation, and automatically recommending, at the time of the
uninstallation of the first application, one or more of the
plurality of applications, the recommending being based at
least in part on the user profile.

According to an embodiment of the disclosed subject
matter, means for receiving a signal from an electronic
device indicating that an uninstallation of a first application
has been inmitiated by a user on the electronic device,
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2

obtaining contextual information of the first application, the
contextual information including data that indicates a period

of time during which the first application was installed and
a frequency of use of the first application, obtaining utili-
zation data, the utilization data including data that indicates
other applications that have been 1nstalled on the electronic
device, determining a plurality of applications that are
similar to the first application, generating a first predictive
model using at least the contextual information and the
utilization data, the first predictive model being configured
to predict a likelihood of uninstallation of a second appli-
cation in the plurality of applications, and automatically
recommending, at the time of the unminstallation of the first
application, one or more of the plurality of applications, the
recommending being based at least i part on the first
predictive model, are provided.

According to another embodiment of the disclosed subject
matter, means for recerving a signal from an electronic
device indicating that an uninstallation of a first application
has been imitiated by a user on the electronic device,
obtaining contextual information of the first application, the
contextual information including data that indicates when
the first application was installed and frequency of use of the
first application, obtaining utilization data, the utilization
data including data that indicates applications that have been
installed on the electronic device, determining a plurality of
applications that are similar to the first application, deter-
mining a score for the first application, the score being based
on the utilization data and indicating a level of the user’s
satisfaction with the first application, updating a range of
values 1n a user profile based on the score and the contextual
information, the range of values indicating a range of
contextual information values that the user tolerated 1n the
first application, and automatically recommending, at the
time of the uninstallation of the first application, one or more
of the plurality of applications, the recommending being
based at least 1n part on the user profile, are provided.

Additional features, advantages, and embodiments of the
disclosed subject matter may be set forth or apparent from
consideration of the following detailed description, draw-
ings, and claims. Moreover, it 1s to be understood that both
the foregoing summary and the following detailed descrip-
tion are illustrative and are intended to provide further
explanation without limiting the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosed subject matter,
are incorporated in and constitute a part of this specification.
The drawings also 1llustrate embodiments of the disclosed
subject matter and together with the detailed description
serve to explain the principles of embodiments of the
disclosed subject matter. No attempt 1s made to show
structural details 1n more detail than may be necessary for a
fundamental understanding of the disclosed subject matter
and various ways 1n which 1t may be practiced.

FIG. 1 shows an example system configuration according,
to an embodiment of the disclosed subject matter.

FIG. 2A shows an example recommendation process
according to an embodiment of the disclosed subject matter.

FIG. 2B shows an example recommendation screen
according to an embodiment of the disclosed subject matter.

FIG. 3 shows example application profiles according to an
embodiment of the disclosed subject matter.

FIG. 4 shows an example selection method according to
an embodiment of the disclosed subject matter.
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FIG. 5 shows an example user profile according to an
embodiment of the disclosed subject matter.

FIG. 6 shows a computing device according to an embodi-
ment of the disclosed subject matter.

FIG. 7 shows a network configuration according to an
embodiment of the disclosed subject matter.

DETAILED DESCRIPTION

Various aspects or features of this disclosure are described
with reference to the drawings, wheremn like reference
numerals are used to refer to like elements throughout. In
this specification, numerous details are set forth in order to
provide a thorough understanding of this disclosure. It
should be understood, however, that certain aspects of
disclosure may be practiced without these specific details, or
with other methods, components, materials, etc. In other
instances, well-known structures and devices are shown 1n
block diagram form to {facilitate describing the subject
disclosure.

Users attempting to navigate crowded application distri-
bution services can find themselves trapped 1n perpetual
rounds of hit-and-miss. Large amounts of time and comput-
ing resources are wasted as users try applications only to be
frustrated at the results and forced to try another, ad infini-
tum. The toll of this cycle 1s extracted from the distribution
services system and the network system, taking up band-
width and slowing down data transfer speeds for all users as
well as causing unnecessary wear on the users’ electronic
devices themselves while degrading the user experience of
the device and ecosystem as a whole.

Distribution service systems and associated user devices
can function more efliciently 11 accurate recommendations
are provided to the users to guide them toward applications
that are more likely to address their concerns. Time, com-
puting resources, and user experience are all valuable factors
that are impacted by the quality and timeliness of application
recommendations, both of which can be significantly
improved by implementing the disclosed embodiments.

Currently, conventional application recommendation sys-
tems communicate recommendations to users when they
access the distribution service interface, e.g., when a user
visits an online app store a splash page shows recommen-
dations. The recommendations are typically based on what
the user has installed in the past or based on what other
similarly situated users have installed using techniques such
as collaborative filtering. However, the user must first access
the store to receive the recommendation, which 1s an addi-
tional barrier between the user and the recommendation, and
by extension, an additional barrier between the user and
discovery of new, useful content. For example, the user, after
uninstalling an application that failed to satisty him/her, may
or may not be motivated enough to go back to the app store
and continue searching to find replacements for what they
uninstalled. Even 1f the user does return to access the
distribution service interface, the distribution service system
does not have any indication that the user recently unin-
stalled an application or any indication of why the user has
done so, therefore 1ts recommendation 1s not focused on the
user’s immediate concerns.

The disclosed embodiments improve the technological art
of automatically discovering and recommending applica-
tions to a user of an electronic device. The recommendation
process 1s designed to learn which secondary interests are
important to the user and to address the user’s immediate
concerns. At the time of uninstallation, a system of the
disclosed embodiments can obtain contextual information
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4

and historical utilization data that can be used to determine
a recommendation for one or more applications to replace a
deleted application, with an improved likelihood that the
recommended applications will satisiy the user’s secondary
interests.

In some embodiments, contextual information and his-
torical utilization data can be used to determine training data
for one or more machine learming algorithms. The algo-
rithms can produce one or more models that can predict
which applications will be satisfactory for a given user.
Recommendations for applications can then be based at least
in part on the one or more models.

The training data can include various 1puts as well as the
appropriate outputs that have been determined to result from
those 1nputs. For example, historical utilization data can be
used to determine a score (output) that indicates a satisfac-
tion level of past/current applications that the user has
installed/uninstalled. Contextual information that corre-
sponds to attributes of the applications can be used to
provide input. Then, using a supervised machine learning
algorithm, models can be inferred from the historical utili-
zation data and contextual information. It should be under-
stood that a person having ordinary skill 1n the art would
recognize various other machine learming approaches that
can be utilized consistent with the scope of the present
disclosure. For example, the machine learning algorithm can
also be used to leverage contextual mnformation and utiliza-
tion data from multiple users.

FIG. 1 shows an example system configuration 100 that
can 1implement the disclosed embodiments. The system can
be configured for use on a wide area network, such as that
illustrated 1n FIG. 1, however, the present principles are
applicable to a wide variety of network configurations that
facilitate the intercommunication of electronic devices. For
example, each of the components of system 100 1n FIG. 1
can be implemented 1n a localized or distributed fashion 1n
a network.

In system 100, a user can interact with distribution service
plattorm 1035 through client devices 102,, 102,, 102, . . .,
102 (collectively “102”) connected to network 104 by
direct and/or indirect communication. Distribution service
plattorm 105 can support connections from a variety of
different client devices, such as desktop computers; mobile
computers; mobile communications devices, e.g. mobile
phones, smart phones, tablets; smart televisions; set-top
boxes; wearable electronic devices, and/or any other net-
work enabled computing devices. Client devices 102 can be
of varying type, capabilities, operating systems, etc. Fur-
thermore, distribution service platform 105 can concurrently
accept connections from and interact with multiple client
devices 102.

A user can interact with distribution service platiform 103
via a client-side application installed on a client device 102.
In some embodiments, the client-side application can
include a distribution service platform specific component.
For example, the component can be a stand-alone “Store”
application, one or more application plug-ins, and/or a
browser extension. A user can also view or select applica-
tions and/or content via a web interface generated and
served by user interface module 120. For example, the user
can navigate 1 a web browser to a web address provided by
distribution service platform 105. However, the user can also
interact with distribution service platform 105 via a third-
party application, such as a web browser, that resides on
client device 102 and 1s configured to communicate with
distribution service platform 1035. In any case, the client-side
application can present a user interface (Ul) for the user to
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interact with distribution service platform 105. For example,
the user can interact with the distribution service platform
105 via a client-side application integrated with the file
system or via a webpage displayed using a web browser
application.

Distribution service platform 1035 can make 1t possible for
a user to search, select, purchase, and download applications
and various types of content, as well as perform a variety of
content management tasks, such as retrieve, modity, browse,
and/or share the applications and content. Furthermore,
distribution service platform 1035 can make 1t possible for a
user to access the content from multiple client devices 102.
For example, client device 102, can upload content to
distribution service platiorm 105 via network 104. The
content can later be retrieved from distribution service
platform 105 using the same client device 102, or some
other client device 102,.

To facilitate the various content and application manage-
ment services, a user can create an account with distribution
service platform 105. The account information can be main-
tained 1n user account database 140. User account database
140 can store profile information for registered users. In
some cases, the only personal information in the user profile
can be a username and/or email address. However, distri-
bution service platform 105 can also be configured to accept
additional user information, as will be discussed further
below.

Applications and content can be stored 1n content storage
160. Content storage 160 can be a storage device, multiple
storage devices, or a server. Alternatively, content storage
160 can be a cloud storage provider or network storage
accessible via one or more communications networks. Dis-
tribution service platform 105 can hide the complexity and
details from client devices 102 so that client devices 102 do
not need to know exactly where the applications and content
items are being stored by distribution service platiorm 105.
Distribution service platform 105 can store the applications
and content 1tems, for example, 1n a network accessible
storage (SAN) device, 1n a redundant array of mexpensive
disks (RAID), etc. Content storage 160 can store applica-

tions and content 1tems using one or more partition types,
such as FAT, FAT32, NTFS, EXT2, EXT3, EXT4, ReiserFS,

BTRFS, and so forth.

Content storage 160 can also store metadata describing
applications and content 1tems, application and content 1tem
types, and the relationships of applications and content 1tems
to various user accounts. The metadata for an application or
content 1tem can be stored as part of the application or
content item, or can be stored separately. In one variation,
cach application and content 1tem stored in content storage
160 can be assigned a system-wide unique identifier.

Distribution service platform 105 can include a commu-
nications module 110 for communicating with various client
devices 102 via the network 104. Conversely, certain sofit-
ware applications on client devices 102 can communicate
with the distribution service platform 103 via an Application
Programming Interface (API) on behalf of a user. For
example, a software package, such as an application running
on a smartphone or tablet computing device, can program-
matically transmit requests directly to distribution service
platform 105, when a user provides credentials, to download
an application from content storage 160. Similarly, the API
can allow users to browse or access all or part of content
storage 160 through a web site.

Distribution service platform 105 can also include an
analytics module 130 that can track and report on aggregate
file operations, user actions, network usage, total storage
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space used, as well as other technology, usage, or business
metrics. The analytics module 130 can also track downloads
of applications and maintain a contextual attributes database
150 that associates application profiles with reported con-
textual attributes of the applications, as will be discussed
turther below. A privacy and/or security policy can prevent
unauthorized access to user data stored with distribution
service platform 105.

While distribution service platform 103 1s presented with
specific components, it should be understood by one skilled
in the art, that the architectural configuration of system 105
1s stmply one possible configuration and that other configu-
rations with more or less components are also possible.

FIG. 2A shows an example embodiment of a recommen-
dation process 200 according to the disclosed subject matter.
Briefly, when an application 1s uninstalled the process 200
uses “‘contextual attributes™ that characterize the application
and “utilization data” that capture the user’s historical
application usage to predict which applications that are
similar to the uninstalled application will be satistactory to
the user and presents a recommendation accordingly at the
time of uninstallation. Further details follow.

At operation 210 a recommendation system receives a
signal from an electronic device (e.g., 102, 1 FIG. 1) that
indicates a user has initiated uninstallation of an application
on the electronic device. In one embodiment the recommen-
dation system can reside on an external server (e.g., distri-
bution service platform 105 1n FIG. 1). In another embodi-
ment, the recommendation system can reside on the
clectronic device itsell.

At operation 220 the recommendation system obtains
contextual mformation related to the application. The con-
textual mformation provides details of how the application
was used and performed. In one embodiment the contextual
information can include data that indicates when the appli-
cation was 1nstalled, how frequently it was used, and how
much storage space 1t occupied.

In some embodiments an API can be provided for the
application and/or the operating system of the electronic
device to store and transmit more detailed contextual infor-
mation to the recommendation system. For example, the API
can include one or more functions that store data related to
performance of the application. Such performance data can
include, for example, data values that represent: battery
energy consumption, how much network data the applica-
tion downloaded/uploaded, how much memory the applica-
tion used, how often the application failed or “crashed,”
display metrics such as how often the application “stuttered”
or “Ifroze”, how fast the application loaded, etc. Other types
of performance and/or quality related data not listed here can
be stored, e.g., an application’s review rating in a distribu-
tion service platform. Such data will be referred to herein as
“contextual attributes™ of an application. In some electronic
device systems one or more of types of contextual attributes
may or may not available, depending on the settings and
capabilities of the application and the electronic device
operating system.

In some embodiments the electronic device (e.g., 102, 1n
FIG. 1) can be configured to transmit an application’s
contextual information to the distribution services platiform
(e.g., 105 in FIG. 1) when an application i1s uninstalled on
the electronic device. The distribution services platform can
store the contextual information 1n a database (e.g., 150 1n
FIG. 1) 1n association with a profile corresponding to the
application. The profile can be maintained cumulatively. For
example, a profile for a hypothetical application “Radical
Racer” can include data indicating that based on data
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received from 1000 uninstalls on client devices (e.g., 102 in
FIG. 1), on average the application crashed 1 time per 50
startups. In this example, a “crash_rating” contextual attri-
bute can be a part of the application profile to store this data.

At operation 230 the system obtains what will be referred
to as “utilization data” associated with the user of the
clectronic device. The utilization data can include informa-
tion that identifies applications that have been installed/
uninstalled on the electronic device and the timing of the
installations/uninstallations. As will be seen, utilization data
can provide a basis for determining which context attributes
are secondary interests that are important to the user and
thereby 1mpact predictions of which applications are likely
to succeed 1n satisiying the user.

At operation 240 the system determines a plurality of
applications that are similar to the application being unin-
stalled. One application 1s “similar to” another if 1t 1s
determined that 1t can provide at least one equivalent,
replacement, or essentially equivalent function that may be
suilicient to replace the functionality of the other application
for a user. For example, techniques disclosed herein may
determine that one application 1s similar to another based on
known techmiques and algorithms to determine applications
similar to a target application 1 a distribution service
plattorm. For example, similarity can be determined based
on an application’s metadata that identity keywords, type,
genre, developer, etc., that classily, categorize, or describe
the application.

Theoretically, the user may have a primary interest in
replacing the uninstalled application with a similar applica-
tion that better satisfies the user’s secondary interests. How-
ever, 1n highly populated distribution service platiorms,
simply recommending similar applications, as many con-
ventional recommendation systems do, often falls short of
suiliciently narrowing the application field. That 1s, while a
distribution service may have dozens or even hundreds of a
certain type of application, e.g., racing games, the applica-
tions can vary in implementation such that some will satisty
a given user and others will not satisty the same user. Merely
recommending similar applications, or even recommending,
the highest rated similar applications, can fail to connect a
given user to the application that will appeal most to that
user’s specific secondary interests.

At operation 250 the disclosed recommendation system
generates one or more models based on the user’s contextual
information and utilization data to predict which application
among similar applications will satisty a user by learning
which contextual attributes are important secondary inter-
ests for the user. The similar applications can then be ranked
based on the secondary interests to increase the likelthood of
recommending applications that will satisfy the user’s
search.

At operation 260 a recommendation, based on the ranked
similar applications, 1s provided to the user at the time of
uninstallation. A reason for making the recommendation can
also be provided, based on the contextual attributes of the
uninstalled application.

FIG. 2B shows an example recommendation screen 270,
in which three applications are presented. The screen 270
can be displayed while the uninstallation 1s taking place or
immediately preceding thereafter. In this manner the barrier
of requiring the user to access the distribution service is
climinated. A frustrated user who 1s dissatisfied with an
application may not be inclined to go back to the distribution
service 1nterface to start searching again, however, the user
may be willing to give another application a try upon seeing,
a direct, automatic presentation of what appears to be a good
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recommendation. The removal of the access barrier and the
timeliness of the recommendation are significant 1mprove-
ments over the conventional method of recommending
applications through a distribution service interface splash
page or the like. In the disclosed embodiments, the user does
not need to navigate back to the distribution service, navi-
gate through 1ts interface back to 1ts search function and
resume sifting through search results to figure out where
he/she left ofl. Instead, the user can be immediately pre-
sented with a plurality of application recommendations that
are tailored specifically to address the user’s primary and
secondary interests. As shown in FIG. 2B, the electronic
device can be configured such that the user need only tap a
button or enter a single mput to 1mitiate a purchase or a
download/installation of a recommended application.

As described above, contextual information can be cap-
tured 1n specific contextual attributes and stored 1n applica-
tion profiles. FIG. 3 shows an example table of profiles for
a user’s electronic device comprising applications 310,
assoclated contextual attributes 320, and utilization data
330. In this example, four contextual attributes are shown,
however, more or less and different types of contextual
attributes can be used.

Contextual attributes can be represented 1n a normalized
numerical format. For example, the “Battery Drain™ attribute
in this example 1s represented on a scale of 1 to 3, with “1”
indicating low drain, “2” indicating medium drain, and “3”
indicating high drain. In another example, the “Perfor-
mance” attribute 1s represented 1 a direct value, for
example, calculated by dividing the number of crashes by
the number of instances of execution. In another example,
the “Size” attribute normalizes the memory range of 0 to 1
gb to a value 1n the range of 0 to 200 where, any memory
s1ze over 1 gb normalizes to a value of 200. Each of these
formats are merely examples. One of ordinary skill 1n the art
would recognize that contextual attributes can be repre-
sented 1n any of the above or other formats or using different
normalization techmiques as appropriate for the data set.

The contextual attributes set can further include values
associated with the application obtained from other sources,
such as the application’s rating 1n the distribution platform,

The utilization data can also be normalized. For example,
in FIG. 3 “Installed Time” 1s a time range of 0 to 6 months
normalized to a range of 0 to 1000, where any value over 6
months normalizes to a value of 1000. The utilization data
330 can be used to generate an application satisfaction score
S for the user. For example, the satisfaction score S can be
defined as simple as the normalized time value that the
application remained installed, or can be defined by a
formula that incorporates the normalized time value and the
frequency value mnto a single representative score value
(e.g., S=N'TxF) that represents how satisfied the user 1s with
the application based on the utilization data.

The satisfaction score, utilization data and contextual
attributes can be used in multiple ways to improve the
accuracy of a recommendation. In one embodiment, the
contextual attributes and the satisfaction scores correspond-
ing to the applications represented 1n the utilization data can
form a tramning data set for one or more machine learning
algorithms. For example, a matrix of rows and columns
including the full list of applications 1n a first column and
their corresponding contextual attributes 1n matrix rows can
be divided into multiple datasets for training and validation.
For example, 1n one embodiment 70% of the rows can be
used for training and 30% of the rows can be used for
validation. Multiple machine learning algorithms (e.g.,
k-nearest neighbors, logistic regression, classification and
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regression trees, linear discriminant analysis, (Gaussian
naive Bayes, support vector machines, etc.) can be used on
the training data set to build models that can predict satis-
faction scores from contextual attributes. Whichever algo-
rithm produces the most accurate model, as tested on the
validation data set, can be used on the plurality of applica-
tions that are similar to the application being uninstalled.

In one embodiment, the algorithms can be tested on
different combinations of attributes and/or on one or more
individual attributes at a time to check whether models with
increased accuracy can be created. That 1s, the first column
(1.e., the applications) and one or more additional columns
can be selected from the matrix training dataset to reduce the
matrix to a subset mstead of testing the full training dataset.
In a simplified scenario, for a first hypothetical user the crash
rate of an application 1s the most important secondary
interest. After an application crashes a number of times the
first user uninstalls the application, regardless of any other
tactors. In this case, a direct correlation may exist between
the crash rate and satisfaction score of any application that
the first user installs. However, for a second hypothetical
user load time 1s the most important secondary interest. For
still a third hypothetical user a combination of battery drain
and size 1s most important secondary interests. By applying
the algorithms to different combinations of attributes the

system can increase the chance of creating a functioning,
accurate model.

After a model has been selected, the relevant contextual
attributes associated with the profiles of the similar appli-
cations can be run through the model to obtain a predicted
satisfaction score.

In one embodiment, the most accurate model will only be
used 1f 1ts results achieve at least a mimimum threshold of
accuracy. The threshold of accuracy can change over time as
the system obtains larger data sets of information. For
example, the threshold of accuracy can initially be set to
50% and 1increase an incremental amount per every addi-
tional record that 1s added to the data set, or increase to
higher percentages at milestones 1n the dataset. If none of the
models result 1n at least the minimum threshold of accuracy,
a different method can be used to choose which of the
similar applications should be recommended to the user.

FIG. 4 shows an example selection method that can be
used instead of using a prediction model. In this method, the
system can build a user profile to determine filter ranges to
apply to one or more contextual attributes based on the
satisfaction score of the application being uninstalled.

At operation 410 the system determines a satisfaction
score S for the application being uninstalled. For example,
il the user 1s uninstalling “Hearthrock™ (FI1G. 3), the system
can determine a satisfaction score S as the (normalized time
value)x(frequency value): S=1000x5=5000.

At operation 420 the system determines whether the
satisfaction score for the application being uminstalled 1s
above a threshold value T. The satistaction threshold value
can be set to an 1nitial default value and adjusted over time,
for example, based on the user’s uninstallation patterns and
the maximum amounts of time that applications remain
installed on the electronic device. Generally, uninstallation
ol an application with a satisfaction score above the thresh-
old can be viewed as an indication that the user has
exhausted the usefulness of the application but would be
satisiied to find a similar application with similar contextual

attribute values to replace 1t. Continuing the above example
uninstallation of “Hearthrock,” 1t T=1000, then S>T for

“Hearthrock.”
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At operation 430 the system can create filter ranges for
contextual attributes based on the values obtained from the
unminstalled application. For example, regarding the uninstal-
lation of “Hearthrock™ 1t 1s reasonable to assume that the
user can at least tolerate an application with matching or
similar contextual attribute values to Hearthrock. That 1s, the
values of Hearthrock’s contextual attributes do not appear to
be deal-breakers for the user 1n view of the relatively high
satisfaction score.

At operation 430 the system can store the contextual
attributes as part of an update to a user profile. The user
profile defines acceptable ranges for contextual attribute
values for a given user. For example, based on the S value
for “Hearthrock™ being greater than threshold T, a range can
be defined for each available contextual attribute, for
example, by a +/— amount, e.g., 3%, or a default amount
defined per attribute that can be fine-tuned to match the
user’s tolerance over time.

The profile ranges can be further fine-tuned by informa-
tion obtained during subsequent uninstallations of other
applications. FIG. 5 shows an example user profile 500. A
profile 500 may initially be created with default values that
represent an estimate of user tolerance. The default values
can be replaced 1n updates with information obtained when
the user uninstalls an application. In this profile, the user has
unminstalled the two games “Hearthrock™ and “Linda Craft
Go” (FIG. 3). Since both of these games achieved satisiac-
tion scores S above the threshold T=1000, the ranges stored
in profile 500 are adjusted to define a minimum and maxi-
mum range ol contextual attributes that will capture the
values of both games.

Accordingly, at operation 440 the system can search for
similar applications that have contextual attributes that fall
within the ranges defined 1n the user profile. At operation
450 the recommendation can be provided to the user at the
time of uninstallation.

The disclosed embodiments can therefore provide recom-
mendations that use data captured at the time of uninstalla-
tion of an application to more accurately consider why a user
1s uninstalling the application (e.g., whether the user 1is
satisfied or not with the application) and not simply recom-
mend similar applications, but predict which similar appli-
cations are likely to satisty the user’s current desire and
immediately provide a recommendation directly to the user
at the time of uninstallation, thereby removing a significant
barrier between the user and the applications.

In situations in which the systems discussed here collect
personal information about users, or may make use of
personal information, the users may be provided with an
opportunity to control whether programs or features collect
user information (e.g., mformation about a user’s social
network, social actions or activities, proiession, a user’s
preferences, or a user’s current location), or to control
whether and/or how to receive content from the content
server that may be more relevant to the user. In addition,
certain data may be treated in one or more ways before 1t 1s
stored or used, so that personally identifiable information 1s
removed. For example, a user’s identity may be treated so
that no personally i1dentifiable immformation can be deter-
mined for the user, or a user’s geographic location may be
generalized where location information 1s obtained (such as
to a city, ZIP code, or state level), so that a particular location
of a user cannot be determined. Thus, the user may have
control over how iformation 1s collected about the user and
used by a system as disclosed herein.

Embodiments of the presently disclosed subject matter
may be implemented 1n and used with a variety of compo-
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nent and network architectures. FIG. 6 1s an example elec-
tronic device 20 (e.g., 102, in FIG. 1) suitable for imple-
menting embodiments of the presently disclosed subject
matter. The device 20 may be, for example, a television, a
desktop or laptop computer, or a mobile computing device
such as a smart phone, tablet, or the like. The device 20 can
include a bus 21 which interconnects major components,
such as a central processor 24, a memory 27 such as Random
Access Memory (RAM), Read Only Memory (ROM), flash
RAM, or the like, a user display 22 such as a display screen,
a user mput interface 26, which can include one or more
controllers and associated user mput devices such as a
button, spin wheel, slider, keyboard, mouse, touch screen, or
the like, a fixed storage 23 such as a hard drive, flash storage,
etc., an optional removable media component 25 operative
to control and receive an memory card, optical disk, tlash
drive, or the like, an optional network interface 29 operable
to communicate with one or more external devices via a
suitable network connection, and a transceiver 30 operable
to communicate with one or more remote devices via a
suitable network connection.

The bus 21 allows data communication between the
central processor 24 and one or more memory components,
which may include RAM, ROM, and other memory, as
previously noted. Typically RAM 1s the main memory nto
which an operating system and application programs are
loaded. A ROM or flash memory component can contain,
among other code, the Basic Input-Output system (BIOS)
which controls basic hardware operation such as the inter-
action with peripheral components. Applications resident
with the device 20 are generally stored on and accessed via
a computer readable medium, such as a solid state storage
drive (e.g., fixed storage 23), a hard drive, flash drive, optical
drive, or other storage medium.

The fixed storage 23 may be integral with the computer 20
or may be separate and accessed through other interfaces.
The network interface 29 may provide a direct connection to
a remote server via a wired or wireless connection. The
network interface 29 may provide such connection using any
suitable technique and protocol as will be readily understood
by one of skill 1n the art, including digital cellular telephone,
WiF1, Bluetooth®, near-field, and the like. For example, the
network interface 29 may allow the computer to communi-
cate with other computers via one or more local, wide-area,
or other communication networks, as described 1n further
detail below.

Many other devices or components (not shown) may be
connected 1n a similar manner (e.g., digital cameras, speak-
ers, microphones, scanners, etc.). Conversely, all of the
components shown in FIG. 6 need not be present to practice
the present disclosure. The components can be intercon-
nected 1n different ways from that shown. The operation of
a computer such as that shown 1n FIG. 6 1s readily known 1n
the art and 1s not discussed 1n detail 1n this application. Code
to implement the present disclosure can be stored 1n com-
puter-readable storage media such as one or more of the
memory 27, fixed storage 23, removable media 25, or on a
remote storage location.

FIG. 7 shows another example arrangement according to
an embodiment of the disclosed subject matter. One or more
clectronic devices or systems 10, 11, such as remote services
or service providers 11, user devices 10 such as local
computers, smart phones, tablet computing devices, televi-
s1ons, wearable electronic devices and the like, may connect
to other devices via one or more networks 7. The network
may be a local network, wide-area network, the Internet, or
any other suitable communication network or networks, and
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may be implemented on any suitable platform including
wired and/or wireless networks. The devices 10, 11 may
communicate with one or more remote computer systems,
such as processing units 14, databases 15, and user interface
systems 13. In some cases, the devices 10, 11 may commu-
nicate with a user-facing interface system 13, which may
provide access to one or more other systems such as a
application/content database 13, a processing unit 14, or the
like. For example, the user interface 13 may be a user-
accessible web page that provides data from one or more
other computer systems. The user interface 13 may provide
different interfaces to diflerent clients, such as where a
human-readable web page 1s provided to a web browser
client on a user device 10, and a computer-readable API or
other interface 1s provided to a remote service client 11.

The user interface 13, database 15, and/or processing
units 14 may be part of an integral system, or may include
multiple computer systems communicating via a private
network, the Internet, or any other suitable network. One or
more processing units 14 may be, for example, part of a
distributed system such as a cloud-based computing system,
search engine, content delivery system, or the like, which
may also mclude or communicate with a database 15 and/or
user mterface 13. In some arrangements, an analysis system
5 may provide back-end processing, such as where stored or
acquired data 1s pre-processed by the analysis system 5
betfore delivery to the processing unit 14, database 15, and/or
user interface 13. For example, a machine learning system 5
may provide various prediction models, data analysis, or the
like to one or more other systems 13, 14, 15.

More generally, various embodiments of the presently
disclosed subject matter may include or be embodied in the
form of computer-implemented processes and apparatuses
for practicing those processes. Embodiments also may be
embodied 1n the form of a computer program product having
computer program code containing instructions embodied 1n
non-transitory and/or tangible media, such as memory cards,
flash drives, tloppy diskettes, CD-ROMs, hard drives, USB
(universal serial bus) drives, or any other machine readable
storage medium, such that when the computer program code
1s loaded into and executed by a computer, the computer
becomes an apparatus for practicing embodiments of the
disclosed subject matter. Embodiments also may be embod-
ied 1n the form of computer program code, for example,
whether stored 1n a storage medium, loaded into and/or
executed by a computer, or transmitted over some transmis-
sion medium, such as over electrical wiring or cabling,
through fiber optics, or via electromagnetic radiation, such
that when the computer program code 1s loaded into and
executed by a computer, the computer becomes an apparatus
for practicing embodiments of the disclosed subject matter.
When implemented on a general-purpose microprocessor,
the computer program code segments configure the micro-
processor to create specific logic circuits.

In some configurations, a set ol computer-readable
instructions stored on a computer-readable storage medium
may be implemented by a general-purpose processor, which
may transiform the general-purpose processor or a device
containing the general-purpose processor into a special-
purpose device configured to implement or carry out the
instructions. Embodiments may be implemented using hard-
ware that may include a processor, such as a general purpose
microprocessor and/or an Application Specific Integrated
Circuit (ASIC) that embodies all or part of the techniques
according to embodiments of the disclosed subject matter 1n
hardware and/or firmware. The processor may be coupled to
memory, such as RAM, ROM, flash memory, a hard disk or
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any other device capable of storing electronic information.
The memory may store instructions adapted to be executed
by the processor to perform the techniques according to
embodiments of the disclosed subject matter.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments.
However, the 1llustrative discussions above are not intended
to be exhaustive or to limit embodiments of the disclosed
subject matter to the precise forms disclosed. Many modi-
fications and variations are possible 1mn view of the above
teachings. The embodiments were chosen and described in
order to explain the principles of embodiments of the
disclosed subject matter and their practical applications, to
thereby enable others skilled in the art to utilize those
embodiments as well as various embodiments with various
modifications as may be suited to the particular use con-
templated.

What 1s claimed 1s:

1. A computer-implemented method for generating and
communicating an application recommendation, compris-
ng:

receiving a signal from an electronic device indicating

that an uminstallation of an application has been 1niti-
ated by a user of the electronic device;
obtaining contextual attribute mformation of the applica-
tion, the contextual attribute information including data
that indicates a period of time during which the appli-
cation was installed and performance data of the appli-
cation;
obtaining utilization data, the utilization data including
data that indicates a first plurality of other applications
that have been 1nstalled on the electronic device, and
historical usage of the first plurality of other applica-
tions by the user;
determining, based at least in part on functionality pro-
vided by the application and respective functionality of
cach application from a second plurality of other appli-
cations, a portion of the second plurality of other
applications as a plurality of similar applications;
generating based at least 1n part on the utilization data, a
respective satisfaction score for each application from
the first plurality of other applications, each of the
respective satisfaction scores indicating a level of the
user’s satisfaction with a corresponding application
from the first plurality of other applications;

generating, based at least 1n part on the respective satis-
faction scores and the contextual attribute information,
a predictive model;

determining, using the predictive model and based on the
plurality of similar applications, a subset of the plural-
ity of similar applications as one or more recommended
applications, wherein each recommended application
from the one or more recommended applications has a
respective predicted satisfaction score satisiying a
threshold likelihood that the corresponding recom-
mended application will remain installed should the
recommended application be installed at the electronic
device; and

after receiving the signal that the uminstallation of the

application has been initiated, sending, to the electronic
device, information about the one or more recom-
mended applications as the application recommenda-
tion.

2. The method of claim 1, wherein the performance data
includes one or more of: battery energy consumption, net-
work data utilization, memory utilization, crash frequency,
display metrics, or application load time metrics.
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3. The method of claim 1, wherein the utilization data
further includes data that indicates, for each of the first

plurality of other applications, one or more of: an installation

time or an uninstallation time.

4. The method of claim 1, wherein the second plurality of
other applications 1s stored 1n a distribution service platiform
and 1s determined based on metadata associated with the
unmnstalled application and metadata associated with the
second plurality of other applications.

5. The method of claim 1, wherein sending the informa-
tion about the one or more recommended applications
further comprises: causing a notification to be output on a
display of the electronic device, the notification including
one or more respective icons corresponding to the one or
more recommended applications, wherein the electronic
device 1s configured to 1nitiate a purchase or download of the
corresponding application when the respective 1con 1s
selected.

6. The method of claim 1, wherein generating the predic-
tive model further comprises:

determining a dataset comprising a matrix ol one or more

applications from the first plurality of other applica-
tions, respective contextual attribute information for
the one or more applications from the first plurality of
other applications, respective utilization data informa-
tion for the one or more applications from the first
plurality of other applications, and the respective sat-
1sfaction scores for the one or more applications from
the first plurality of other applications;

dividing the dataset into at least one training dataset and

at least one validation dataset; and
evaluating two or more machine learning algorithms on
the at least one training dataset and the at least one
validation dataset to determine an algorithm that pro-
duces the predictive model that predicts a target appli-
cation’s score based on the target application’s corre-
sponding contextual data.
7. The method of claim 6, wherein the two or more
machine learning algorithms are selected from the group
consisting of: k-nearest neighbors, logistic regression, clas-
sification and regression trees, linear discriminant analysis,
(Gaussian naive Bayes and support vector machines.
8. The method of claim 6, wherein evaluating the two or
more machine learning algorithms comprises:
applying each of the two or more algorithms to a first
subset of the at least one training dataset to generate
two or more {irst models, each of which corresponds to
a respective one of the two or more algorithms;

applying each of the two or more algorithms to a second
subset of the at least one traiming dataset different from
the first subset to generate two or more second models,
cach of which corresponds to a respective one of the
two or more algorithms, wherein the two or more first
models and the two or more second models are both
included 1n a plurality of models;

applying each model from the plurality of models to the

at least one validation dataset to generate four or more
result sets, each of which corresponds to a respective
model from the plurality of models;

determining, based on the four or more result sets, which

model from the plurality of models 1s a most accurate
model; and

selecting the most accurate model from the plurality of

models.

9. A system comprising:

a processor; and
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a computer readable medium that stores computer read-
able instructions that, when executed by the processor,
are eflective to cause the system to:
receive a signal from an electronic device indicating
that an umnstallation of an application has been
imitiated by a user of the electronic device;

obtain contextual attribute mformation of the applica-
tion, the contextual attribute information including
data that indicates a period of time during which the
application was installed and performance data of the
application;

obtain utilization data, the utilization data including
data that indicates a first plurality of other applica-
tions that have been installed on the electronic
device, and historical usage of the first plurality of
other applications by the user;

determine, based at least 1n part on functionality pro-
vided by the application and respective Tunctionality
ol each application from a second plurality of other
applications, a portion of the second plurality of
other applications as a plurality of similar applica-
tions;

generate, based on the utilization data, a respective
satisfaction score for each application from the first
plurality of other applications, each of the respective
satisfaction scores indicating a level of the user’s
satisfaction with a corresponding application from
the first plurality of other applications;

generate, based at least 1n part on the respective satis-
faction scores and the contextual attribute informa-

tion, a predictive model;
determine, using the predictive model and based on the

plurality of similar applications, a subset of the
plurality of similar applications as one or more
recommended applications; and

alter recerving the signal that the uninstallation of the
application has been 1nitiated, send, to the electronic
device, information about the one or more recom-
mended applications as the application recommen-
dation.

10. The system of claim 9, wherein the performance data
includes one or more of: battery energy consumption, net-
work data utilization, memory utilization, crash frequency,
display metrics, or application load time metrics.

11. The system of claim 9, wherein the utilization data
further includes data that indicates, for each of the first
plurality of other applications, one or more of: an mstallation
time or an uninstallation time.

12. The system of claim 9, wherein the second plurality of
other applications 1s stored 1n a distribution service platiform
and 1s determined based on metadata associated with the
uninstalled application and metadata associated with the
second plurality of applications.

13. The system of claim 9, wherein the computer readable
instructions that cause the system to send the information
about the one or more recommended applications further
comprise 1instructions that cause the system to: cause a
notification to be output on a display of the electronic
device, the noftification including one or more respective
icons corresponding to the one or more recommended
applications, wherein the electronic device 1s configured to
initiate a purchase or download of the corresponding appli-
cation when the respective icon 1s selected.

14. The system of claim 9, wherein the computer readable
instructions that cause the system to generate the predictive
model cause the system to:
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determine a dataset comprising a matrix of one or more
applications from the first plurality of other applica-
tions, respective contextual attribute information for
the one or more applications from the first plurality of
other applications, respective utilization data informa-
tion for the one or more applications from the first
plurality of other applications, and the respective sat-
isfaction scores for the one or more applications from
the first plurality of other applications;

divide the dataset into at least one training dataset and at

least one validation dataset; and

evaluate two or more machine learning algorithms on the

at least one training dataset and the at least one vali-
dation dataset to determine an algorithm that produces
the predictive model that predicts a target application’s
score based on the target application’s corresponding
contextual data.

15. The system of claim 14, wherein the two or more
machine learning algorithms are selected from a group
consisting of: k-nearest neighbors, logistic regression, clas-
sification and regression trees, linear discriminant analysis,
Gaussian naive Bayes and support vector machines.

16. The system of claim 14, wherein the computer read-
able 1nstructions that cause the system to evaluate the two or
more machine learning algorithms cause the system to:

apply each of the two or more algorithms to a first subset

of the at least one training dataset to generate two or
more first models, each of which corresponds to a
respective one of the two or more algorithms;

apply each of the two or more algorithms to a second

subset of the at least one traiming dataset diflerent from
the first subset to generate two or more second models,
cach of which corresponds to a respective one of the
two or more algorithms, wherein the two or more first
models and the two or more second models are both
included in a plurality of models;

apply each model from the plurality of models to the at

least one validation dataset to generate four or more
result sets, each of which corresponds to a respective
model from the plurality of models;

determine, based on the four or more result sets, which

model from the plurality of models 1s a most accurate
model; and

select the most accurate model from the plurality of

models.
17. A non-transitory computer-readable storage medium
encoded with instructions that, when executed, cause one or
more processors of a computing system to:
recerve a signal from an electronic device indicating that
an uninstallation of an application has been 1mitiated by
a user of the electronic device;

obtain contextual attribute information of the application,
the contextual attribute information including data that
indicates a period of time during which the application
was 1nstalled and performance data of the application;

obtain utilization data, the utilization data including data
that indicates a first plurality of other applications that
have been installed on the electronic device and his-
torical usage of the first plurality of other applications
by the user;

determine, based at least 1n part on functionality provided

by the application and respective functionality of each
application from a second plurality of other applica-
tions, a portion of the second plurality of other appli-
cations as a plurality of similar applications;
generate, based on the utilization data, a respective sat-
1sfaction score for each application from the first plu-
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rality of other applications, each of the respective
satisfaction scores indicating a level of the user’s
satisfaction with a corresponding application from the
first plurality of other applications;

generate, based at least 1in part on the respective satisiac-
tion scores and the contextual attribute information, a
predictive model;

determine, using the predictive model and based on the
plurality of similar applications, a subset of the plural-
ity of similar applications as one or more recommended
applications; and

after receiving the signal that the umnstallation of the
application has been initiated, send, to the electronic
device, information about the one or more recom-

mended applications as the application recommenda-
tion.

18. The non-transitory computer-readable storage
medium of claim 17, wherein the performance data includes
one or more of: battery energy consumption, network data
utilization, memory utilization, crash frequency, display
metrics, or application load time metrics, and wherein the
utilization data further includes data that indicates, for each
of the first plurality of other applications, one or more of: an
installation time or an uninstallation time.

19. The non-transitory computer-readable storage
medium of claim 17, wherein the instructions that cause the
one or more processors to generate the predictive model
turther comprise instructions that cause the one or more
processors to:

determine a dataset comprising a matrix of one or more

applications from the first plurality of other applica-
tions, respective contextual attribute information for
the one or more applications from the first plurality of
other applications, respective utilization data informa-
tion for the one or more applications from the first
plurality of other applications, and the respective sat-
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isfaction scores for the one or more applications from
the first plurality of other applications;

divide the dataset into at least one training dataset and at
least one validation dataset; and

evaluate two or more machine learning algorithms on the
at least one training dataset and the at least one vali-
dation dataset to determine an algorithm that produces
the predictive model that predicts a target application’s

score based on the target application’s corresponding,
contextual data.

20. The non-transitory computer-readable storage
medium of claim 17, wherein the computer readable nstruc-
tions that cause the system to evaluate the two or more
machine learning algorithms cause the system to:

apply each of the two or more machine learning algo-

rithms to a first subset of the at least one training dataset
to generate two or more first models, each of which
corresponds to a respective one of the two or more
machine learning algorithms;

apply each of the two or more machine learning algo-

rithms to a second subset of the at least one traiming
dataset diflerent from the first subset to generate two or
more second models, each of which corresponds to a
respective one of the two or more machine learning
algorithms, wherein the two or more first models and
the two or more second models are both included 1n a
plurality of models;

apply each model from the plurality of models to the at

least one validation dataset to generate four or more
result sets, each of which corresponds to a respective
model from the plurality of models;

determine, based on the four or more result sets, which

model from the plurality of models 1s a most accurate
model; and

select the most accurate model from the plurality of

models.
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